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ROLE OF THE TEMPERATURE FACTOR DURING THE
WEATHERING OF MINERALS

Ir. A. Matveyeva

One of the main factors which determines the direction and /133%

rate of chemical processes 1s the temperature. Processes of
powerful crust formation and the accumulation of many minerals
are related to increased temperatures. However, the absence

of precise data on the mechanism of chemlcal reactions occurring
during the weathering of minerals makes it impossible to use
computational methods to make a quantitative estimate of the
role of the femperature factor. In this connection, the Labhora-
tory of Supergene Processes of the Institute of Geology of Ore
Deposits, Petrography, Mineralogy, and Geochemistry of the USSR
Academy of Sciences performed the present research. The purpose
was to experimentally determine the influence of temperature upon
the guantitative decomposition of minerals by nakUunal weathering
agents.

The study was performed with a sample of the decomposition
of biotlite and nepheline at atmospheric pressures at temperatures
from +5° C to +70° C. PFollowing were the reagents: distilled
water; water soluble humic acid (i.e., fulvic acid and an ulmic
fraction of humic acids) separated from the humus-illuvial layer
(Bh) of the pddzol of the Karel'! isthmus; oxalic acid, which is
present in sol solutions in the greatest amounts, and sulfuric
acid for comparison. The acld concentration (0.005 N) was deter-
mined by potentiometric titration up to pH = 7.0. The experi-
ments lasted for a few days, T: £=1: 16.)

¥Numbers in the margin indicate pagination of original
foreign text.



- Different results were obtained for biotite and nephelene;
therefore, it is best to consider them individually.

~Decomposition of biotite. The results given in Table 1
show that, with a change in temperature from +5° C to +70° C,
the total decomposition of biotite Ilncreases under the action of
sulfurie and fulvic aelds by approximately a factor of 2.5; by
ulmic acid — 3; by oxalie acid — 3.4; and under the influénce
of water — 2.5 (from +5° to +60° C). In the range of tempera- /135
tures studied, the dependence of the total decomposition of
biotite on temperature is c¢lose to rectilinear. This makes it
possible to establish its influence on decomposition: thus,
an increase in temperature by each 10° causes an increase in the
total biotite decomposition for water by 1 mg/il {(or by 0.1%);
for humic acids and H,30, — by approximately 10 ung/? (or by 0.1%);
and for H,C,0, — by approximately 15 mg/I (or by 0.15%).

Under the experimental condlticns, the aclds studied
changed all the components of bilotite into solution, but in
different ratios than in the original mineral,whereas water —
only the alkall elements, magnesium, and silicic acid. In the
general case, an increase in temperature had the greatest influ-
ence on the behavior of silicic acid. Thus, if the amount of
alkalis, which change into solutions of acids from +5°% to +70° C,
increases by approximately a factor of two, the amount of
silicic acid increases by|3 — 3.2 (solutions of H,S0,, ulmic
acid and fulviec acid), by a factor of 4.3 in solutions of oxalie
acid, and by a factor of 10 in aqueous solutions. The percent
of the element in the solution with respect to the initial con-
tent in the mineral and the ratio Si0;:A4I,03; in the solutions
indicate that, wlth a temperature increase, the amount of silicic
acid increases in the solutions. This fully coincides with the
characteristics of the biotite structure and the energy of
individual bonds.
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TABLE 1%¥

INFLUENCE OF TEMPERATURE ON TOTAL DECOMPOSITION OF BIOQTITE (mg/l in %)
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*Translator's Note: Commas in the numbers represent decimal points.




The differences and the properties of the reagents become
most apparent with an increased temperature, i.e., their differ-
ing chemical nature. Based on thelr action on blotite, they can
be arranged as follows: H,C,0, > H2:80, > ulmic acid > fulvie
acid > H;0. The percentlile decomposition of blotite by acids
is approximately 10 — 15 times greater than hy water,

Humic acids, in terms of their action on biotite, approxi-
mate inorganic sulfuric acid; oxalic acid exceeds it. Neutrali-
zation of natural organic acids takes place up to higher values
of pH (Table 1).

The differing ratio of organic acids to 1ron and aluminum /137
1s more pronounced at higher temperaturés. Thus, humic acids
change into solutions a larger amount of iron than of aluminum
(in percent of the initial content in the mineral). ©xalic
acld is practically the same in terms of iron and aluminum, i.e.,
humic aclds have a greater affinity for iron, and oxalic acids

have the same affinity for aluminum and iron.

Increased contents of titanium (4 — 5 times greater than
in solutions of sulfuric acid) can be observed in solutions of
organic aclds. The reason for the unequal ratic of organic
acids to iron, aluminum, and titanium must be found in the
differing properties of the acids. The similar contents of
carbon in the solutions before and after experiments point to
the lack of precipitation of organlc matter.

Decomposition of mnepheline. It may be seen from the data
in Table 2 that nepheline is decomposed by acids to a much
greater extent than biotite, but with water, on the other hand,
to a much lesser extent than blotite. The.percent of the total
decomposition of nepheline by aclds barely changes with a ;



TABLE 2%

INFLUENCE OF TEMPERATURE ON THE TOTAL DECOMPOSITION OF NEPHELINE (mg/? in| %)
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temperature increase and comprises about 2% on the average.
Water begins to decompose it noticeably only above 40° C.

For the decomposition of nepheline, the pH of the solutions
after experiments for different acids is located between 4 — 6.
This is naturally reflected in the behavior of elements such as
aluminum and silicie acid (the phenomena of the hydrolysis of
compounds of aluminum and polymerization of siliclc acid arise).
The content of alkalis and partially of siliecic acid increases
in scolutions of sulfuric acid and fulvic acids with a temperature
increase, whereas the aluminum content gradually decreases or
remains constant. In solutions of oxalic acid,cthé:content of

all the elements barely changes,

With an lncrease of temperature, in fulvic acid extracts
from nepheline, the content of organlc carbon decreases by
10 — 3O%Ifrom the original value, and the residue of undecomposed
nepheline takes on a cinnamon color. The behavior of the ele- . /138
ments and carbon 1n the solutions points to the precipitation
of nepheline decomposition products. This is also confirmed by
the turbidity of fulvic acid solutions and the appearance of
residues 1in the oxallc acid solutlions after a few days.

Sharp differences in the action of the acids on nepheline
are not observed. In solutions of fulvic acids, there is a
somewhat reduced content of aluminum (the average content for
2ll temperatures 1s approximately 50 mg/7 Al,03) as compared
with sulfuric and oxalic acids (about 70 — 80 mg/7 Al,03).
The acids decompose nepheline at #5° C 250 times more vigorously
than water, and at +60° C — 33 times more vigorously.



Water decomposes biotite and nepheline in different ways.
The intra-salt distribution of alkalis in biotite makes them
very suitable for leaching by water even at low temperatures.
Therefore, an increase in them has little effect on the quanti-
tative amount of these elements passing into solution. TUp to
+40° C, sodium and potassium, as well as silicic acid, may be
extracted from nepheline in small amounts (0.3 — 0.4 mg/1).
Thelr content sharply increases when significant amounts of
silicic acid enter the solution at| temperatures above 50° C.
This coincides with the characteristics of alkalil .decomposition
in the structure of nepheline and the change in the water
properties at temperatures above 50° C.

In conclusion, we should point out the difference between
the influence of temperature on the decomposition of biotite
and nepheline. TUnder the experimental conditions,'where the
decomposition of bictite is performed under acid conditions
(pH = 4.0) with predominance of the decomposition process, the
temperature increase contributes to all components of the
mineral passing into solution. In experiments with nepheline,
where pH'of the solutions 1s greater than 4.0 even at low
temperatures, due to the high decomposition rate, an increase in
temperature does not change the percent of mineral decomposition,
but leads to differences between the forward and reverse processes
(decomposition and precipitation).

Translated Tor National Aeronautics and Space Administration
under Contract No. NASw-2483, by SCITRAN, P. 0. Box 5456, Santa
Barbara, California, 93108.



